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1 
ThC invention relates to cellulosic material 
artd more particu]arly fo the modification of 
ciiulosic matérial ánd to thé provision of new 
cellúlosic comPosions having greatly increased 
hemical reactivities. 
(ellulosic matêrials bave varying degrées of 
rèaiviW fo Chemica] reagents, e. g. to esterify- 
ing agents, depending on Various factors Such as 
the source of the Cellulose and thé particular 
isolating and purifying methods. A]so, celulosic 
materials are often subjected to. pretreatments 
0f.vari0us types to increase chemical reactiïdty 
and tp improve the qui/lity of the products ob- 
t.ained.  Many pretreating agents, including or- 
gnç, and in0rgnic acids and their neutral, 
:acidic. or bás_îc salts, bave been proposed. ïor 
m0difng thé. reactivity of cellulosic matérial. 
some 0 t!aes Pretréatrnents, especially those 
._invo!ving Pçet.reatment. with oranic acids, bave 
achieved c0mmecial success. Although thesè 
known pretreatments pl:oduce some increase in 
th.è .reacti;¢ity of the cel]u]0se to esterification, 
they do hot p0duce a truly rapid esterffication 
rate: Even with the best of these previously 
kiown .treatments lmdësably long esterification 
imes are .réquired. BecauSe of. the.large invest: 
ent in. equipment required to produce large 
qiantitiës, of a cellulose derivative, such long 
tirnes .... of reaction are economically unattractive. 
Accordingly, it is an objec of this invention 
_fo_ provide cellulosic, compositions which are 
high]y :eactive to such chemical reactions as 
esr.îficatio.n. A further óbjêct is the provis_ion 
Of . .methd for the preparation of new reactive 
compositions:. A_ stfll further obect is the pro 
vi0n of a procéss for the rapid chemical modi- 
fication o cellulose. Othér obêcts appear here- 
inaftêr. 
Cellulosic materials having greatly inc'eàsed 
reactivity to esteriflcation and other reactions 
are prepared by this invention by impregnating 
the cellul0sic material wtih ammonium thio- 
sulfate from aqueous solutions. The resultant 
impregnated celljlose is then chemically modi- 
fled by treatment with a derivative forming 
_agen which is active therewith, such as an alde- 
hyde r an aliphatic carboxylic acid anhydride. 
ThéSé react with reactive cellulose through ifs 
hyClroxyl groups to form acetals or esters. For 
éxample, Cêllulose so impregnated fs highly re- 
active, being, for example, substantially com- 
pletely esterified in an extremely short rime with 
aliphatic acid anhydrides. 
The invention is illustrated by the following 
examples in which the proportions of ingredients 
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, are expressed in parts by weigit unlèss ohewlse 
noted. 
Excmple I 
Ten. and our-tenths parts of Cotton lCïte 
 containing 4% moisture is-impegn£téd ith 
40% by weight of ammonium thiosu]fat;e 
soaking in 150 parts of an aqueous 40% ammo- 
nium.thiosulfate solution for 30 minutes at room 
10 témperàture, cent.rigugin to a wet weight 0 20 
parts, and drying in a vacuum desiccàtor 09er 
anhydrous. Calcium chloridè. The drièd cêllùi6se 
is placed in 300 parts of .acetc anhYdride @hih 
has been hëatëd fo the bofling p0in C g raC 
1 tion vesel fitted with a reflux condensèr. Thè 
mixtu]-e is heáted wih shakg. Amost im- 
mediately, ebullition starts and a yell0w 51br 
forms in the liquid. After ablout 35 sêc-otids ttig 
cellulose fibers begn to swell, and after 
minute the cellulose is disintegrating and thgr 
20 iS very .vig0rous ebullition. In about 1 mîgu 
and 20 seconds after the addition of .the Cèliuibsè 
to the reactiori mixture thé mixture is a smoSth,- 
cloudy,., light brown solution containing mnY 
undisso_lvêd, sh0çt, fibers,, and_ ebuiliton 
stopped. After a total reaction rime o ab0ut 
two minutes, the so!ution is a little less cioud. 
It is immediately poured, ràpklly ánd with vig- 
ous agitation, into. about 2000 parts of an _aque: 
ous 10% acetic acid solution af 65 ° C. Thë re- 
sulting white fiocculent precipitate of cèllu!qsL acetate is stin-ed for 15 minutes, filtered wîth 
suction and washed on the filter with.wa-ter 
65 ° c. The wet produit is stirrèd in 2000 
of ;esh water af .65  C,, filtèred nd wàghêd 
again.` After rePeating this washing préiuL twice the cellulose acetate .is partially driëd 
air at ro0m.tçmperature and drying i s cómp!êtd 
in an oven af 65 ° c. The lroduct .is a flòCCu!ent 
cellulose triacètt with a. very slight yellow 
cotor, and it -mounts fo 18 parts by..wéig.ht. 
The product contains 1.76 % combine d s.ulf_ur_ an d 
has a D. P. of 420. The D. P. (-degree of .poly- 
merization) is calculated by Staudngers equa- 
tion frorn the specific viscosity of a dilute 
tion of the cellulose acetate in glacial acetic acid.; 
see pages 927-929 of "tIigh Polymer.s Vol..V._, 
Cellulose DervatiVes," Interscience Publishers 
Inc., 1943; edited by Ott.. The product issoluble 
in hot glacial acetic acid, and it does hot 
cipitate when the sotuti0n is c0oled fo room tem- 
perature. If is readily soluble in methylene chlo- 
rde but is insoluble in acet0ne. 
When cotton linters impregnated wih 
ammonium thi0sulfate are acetylated by :the Pro 
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cedure of the above example for a total acetyla- 
tion tlme of 5 minutes, the reaction mixture con- 
tains fewer undissolved fibers, and the resulting 
cellulose triacetate bas a D. P. of 430 and 2.17% 
combined sulfur. 
Example H 
Ten parts of cotton linters impregnated with 
20% of ammonium thiosulfate is prepared by 
immersing 10.4 parts of cotton linters contain- 
ing 4% moisture in an excess of 20% aqueous 
ammonium thiosulfate solution, centrifuging and 
drying by the method used in Example I. The 
resultant dry impregnated cellulose Is acetylated 
by the procedure of the preceding example. The 
cellulose triacetate isolated after a total reaction 
time of 3 minutes at reflux temperature (138 ° 
C.) bas a D. P. of 385 and a combined sulfur 
content of 0.74 %. 
The cellulose acetate obtained after 8 nùnutes 
cetylation of cotton linters impregnated with 
20% of their weight of ammonium thiosulfate 
by the procedure of Example ri bas fewer un- 
dissolved fibers than the product of that example, 
huit it bas a D. P. of 210 and a combined sulïur 
content of 0.90%. 
Ten and iour-tenths parts of cotton linters 
containing 4% moisture is impregnated with 
40% by weight of ammonium thiosulfate and 
dried by the procedure described in EXample I. 
The dried impregnated linters are added to 300 
parts of acetic anhydrIde at room temperature 
ina reaction vessel fitted with a mechanical 
stlrrer and a reflux condenser, and the mixture 
is heated on a steam bath with stirring. In 
about 5 minutes the temperature of the reaction 
mixture reaches about 95 ° C. In the period 
from 6 to 18 minutes after heatIng and stirring 
are started the liquld turns slightly yellow, the 
linters swell, then begin to disintegrate and 
flnally start going into solution. The grainy 
brown solution containlng a few undissolved 
white lumps whlch forms in about 20 minutes 
becomes smooth, viscous, reddish brown and 
contalns fewer lumps af the end of 30 minutes. 
At this time the solution is removed from the 
steam bath and flltered through cotton, and after 
3.4 minutes total reaction time the solution is 
poured into 10% aqueous acetic acid. The prod- 
uct is preclpitated and worked up by the pro- 
cedure described in Example I. The resulting 
cellulose triacetate contains 1.33% combined 
sulfur, bas a D. P. of 630, and is soluble in 
aetic acid and methylene dichloride. The solu- 
tions of thls product do hot contain any short 
undlssolved fibers, as do the solutions of the 
cellulose triacetate of Example I. 
In a prefered method for carrying out this 
invention, fibrons, native cellulose, e. g., cotton 
llnters or wood pulp, is immersed in an aqueons 
solution containing at least 15% by weight of 
ammonium thlosulfate. The maximum con- 
centration of the impregnating solution is limited 
0nly by the solubility of ammonium thiosulfate 
in water. Aqueous solutions of from 20-40% 
concentration give very good results. The im- 
Pregnation is conveniently done by immersing 
the cellulose in an excess of the aqueous solution 
of ammonium thiosulfate for about ç hour af 
-room temperature. Longer times can be used 
if desired, but nsually 1 hour is suiïicient fo 
obtain uniform impregnation. The excess liquld 
is removed from the impregnated cellulose by 
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conventional means, such as by filtration under 
pressure or under vacuum, or by centrifuging. 
The last method is especially preferred because 
of the reproducibility of the results obtained. 
5 The amount of solution left in the cellulose will 
of course depend on the amount of ammonium 
thiosulfate desired in the cellulose, on the con- 
centration of this salt in the impregnating solu- 
tion, and on the partlcular method of treat- 
]0 ment being employed. Since use of amounts 
considerably less than 15 % do not give the rapid 
reactions produced using higher concentrations, 
the impregnated cellulose should contain at least 
15% by weight of ammonium thiosulfate, and 
15 for maximum reactivlty it should contain from 
20-40%. While higher amounts than 40 % may 
be used, for practical purposes there is no ad- 
vantage in nsing amounts geater than 40%. 
when impregnating solutions of 20% to 40% 
2O concentration are nsed" it is convenient to cen- 
trifuge the cellulose fo a wet weight double 
that of the dry cellulose. Afer centrifuging 
or pressingto the desired wet weight, the im- 
pregnated cellulose is usually, but hot neces- 
o5 sarily, dried by exposing it to the action of a 
desiccant at atmospheric or decreased pressure, 
or by exposing t fo current of air af ordinary 
or moderately elevated, e. g., 50°-75 ° C., tem- 
perature. The resulting impregnated cellulose 
30 is highly reactive. 
In a preferred esteriflcation procedure the 
dry cellulose impregnated with 20% fo 40% of 
its weight of ammonium thiosulfate is placed 
in a large excess of aliphatic carboxylic acid 
35 anhydride, e.g., a quantity of acetic anhydride 
amounting to 10 to 30 rimes the weight of the 
cellulose, maintained at its boiling point in a 
reaction vessel fitted with a reflux condenser. 
Ebullition of the reaction mixture begins almost 
40 immediately; in a few seconds the cellulose be- 
comes highly swollen and then begins to go into 
solution and the reaction mixture refluxes vig- 
orously. In flore one to ten minutes after the 
cellulose bas been introduced into the acid 
45 hydride the cellulose is substantially completely 
esterified and is in solution in the reaction mix- 
ture. The exact rime required for completiOn 
of the esteriflcation depends on the particular 
concentration of ammonium thiosulfate in the 
6 cellulose and on the particular acid anhydMde 
being employed. The resulting solution 
poured rapidly with vigorous agitation into about 
6.5 rimes ifs weight of dilute aqueous acet2c 
acid, e.g., 1{)% acetic acid, at a temperature 
6 of about 65 ° C. The cellulose ester precipitates 
in the form of fluffy white flocks which, af ter 
being stirred for several minutes in the precipi- 
tating bath, are flltered out, washed acid-free 
and dried.- 
6{} n another esterification procedure the dry îm- 
pregnated cellulose, preferably containing ffom 
20 % te 40 % of its weight of ammonium thiosul- 
rate, is placed in a large excess of aliphatc car- 
boxylic acid anhydrlde, e. g., 30 parts of acetic an- 
5 hydride, af room temperature in a reaction res- 
sel and the mixture is then heated during a perîod 
oï 5 to 10 minutes to a temperature of 90-95 ° C. 
In this embodiment a longer tirae is required for 
completion of esterification than when boiling an- 
0 hydride i.s employed. The e,act rime required to 
produce a substantially completly esterhûed cel- 
Iulose depends on the particular concentration 
o£ the ammonium thiosulfate in the cellulose and 
on the particular anhydride being used. Reac- 
7 tion rimes ranging ïrom about /e to 3 hours are 



:suftabe, -tle:ldter tfnes bein  Senf  when 
the 'hi13er concentrtiòns of  ammonUm.fliiO'sù- 
rate nd .lower arhytlrïdes are emloyed. 
In"stillan-ether èsteifiation pocedue, which 
ispreferredTor !thë prepration 6f-céllUloSe eStëi's  
in fibrous form, the imprensted ceïlul0S'e .is 
placed in a refluxing mixture of thealiphàtic"car- 
boxylic acid anhydride and"a .nonsolvenT0rthe 
cellulose-ester being produced, such as, for-ex- 
ampIe, xylne. In the preparation ofa fibrous 10 
Cellulose acete a quantity of 'acetic anhydride 
amounting £o -about 4times the weight ofthe cel- 
lulose al]d a quantity of xylene amounting to 
-about 22.5times the weight Of the cellulose is sat- 
isfactory. Therection mixture is maintained af 1 
reflux tempera.ture until the cellulose is substan- 
tially-completely acetylated, a0ut 10 fo 20 min- 
utes being required with the higher concentrations 
oï ammonium .thiosulfate 'and longer times with 
tlqe lower concentrations. At the completion Of 20 
the rection, which can be determined by teSting 
the solubility of smaI1 samp]es of the fibrous cel- 
lulose acetaçe in glacial acetic acid, the fibrous 
product is fi]tered from excess reaction mixture, 
washed acid-free, and dried by conventional 25 
methods. 
The cellulosic material used in the practice of 
this invention can be any oï the common types 
oï cellulose such as, for example, cotton linters, 
wood pulp and regenerated cellulose. Of these, 30 
fibrous native cellulose, e. g., cotten linters and 
wood pùlp,, is especially Suitab!e. Partially Sub- 
stituted organic cellulose dërivatives such s, for 
example, methylcellulose, ethylcellulose, carboxy- 
methylcellulose, hydroxyethylce]lulose, cellulose 35 
acetate and the like, which swell adequately dur- 
ing impregnation through having, in general, ai 
least two free hydroxyl groups for each 6-carbon 
unit of the cellulose nucleus, can also be employed 
in the practice of this invention. 40 
The impregnated celluloses of this invention 
are rapidly esterified with lower aliphatic acid 
anhydrides af temperatures above 90 ° C. Ex- 
amples of such anhydrides which are particularly 
useful include acetic and propionic anhydrides. 45 
For homogeneous esterification a quantity of an- 
hydride amounting to about 30 rimes the weight 
of the cellulose is very suitable, the excess an- 
hydride serving as a solvint for the cellulose ace- 
tare formed in the reaction. However, smal]er 50 
amounts, e. g., ten or twenty rimes the weight of 
the cellulose, can be used if desfl-ed. Smaller 
amounts of anhydride can also be used when inert 
solvents, such as dioxane, are employed. In the 
latter case a quantity of anhydride amounting to 5 
only eight rimes the weight of the cellulose is 
suitable. In the heterogeneous method of esteri- 
fication, in which the cellulose esters formed re 
tain the fibrous structure of the original cellulose, 
a quantity of anhydride amounting to at least two 60 
times the weight of the cellulose is employed, to- 
gether with suïcient hydrocarbon diluents, for 
example, toluene, xylene, or aliphatic hydrocar- 
bons having boiling points above 90 ° C., to prevent 
the cellulose esters from dissolving in the reac- 6 
tion mixture. In the case of acetylation in the 
presene of xylene a quantity of acetic anhydride 
amountin to four rimes and a quantity of xylene 
amounting to 20-25 times the weight of the cel- 
lulose are very satisfactory. 0 
The rime required for substantially fully esteri- 
fying or otherwise modifying the pretreated cel- 
lulose of this invention depends on the particular 
anhydrides, or other reaotants, the temperature of  
the esterifying or other reaction mixture, and on 7 
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célluloe. /Fr k£ie, 
homogeneous adèyltdn«yfèm/etdrëibn is 
completedinr0m"l o 10 
in-bout--30"to ,4ominfes:.t 9o  C. Wfth:h-eT 
anhydrides -' such -as Pfopic. ffd r n- 
hydride, esrcaionDeriodsare lonër hnïn 
the" cse bf. oétYlin tthe  etmpëtf. 
Also, When heterbgéne0us 
involvin IoWer rtiO 
employe.the dction rimes 
for the sme c0ncènftiOn :0 mm0u.m io- 
sulfate in :the ceildldse, 
andthe Sme reactien 
e coagulatiOn-Of thë céli6se 
in hmoeneosstems is 
-bY pouring th mixture fnto lre ëxddss5f 
dute-ueous,iht£c 
"temperture, for exmple,t 500  ç. :his 
te of precipittion 
product. If  hrder rndlr prbdUtis ësid, 
the precipittion cn be cfried out in 
queous Hphtic cid solutionst rod mper- 
ture. A 10% "qUeous etic cid sbluion is 
stisfctory for ts-purpose; howeer, hihër 
concentrations of cetic cid,. e.., Up to 
20 % cn be used for precipitting cei}ulose 
of the hiher degrees of polymeriztih. Ïf 
Sired, the cellulose eÇter cpb e couitéd in non- 
queous Hqds, such 
liphtic hydrocrbons, which «re nonivènts 
for the cellulose esters. 
The rectîvity of ceilul0se 
mmoum iosulf Ione i-gëtiy nëx- 
pected. Mny mmonium sl of wrious or- 
gnic nd inorgnic cids hve been disclosed 
the prior rt s pretreting gen or pre- 
nn for cellulose to be used in esrifiction, or 
s ctlys in cellulose esterifiction mixtures, 
but these proposed slts, used either s impre- 
nnts or s ctlys, do hOt give the results oh- 
tined in the process of this invention. Aher- 
more, while mixtures of mmonium or me 
slts of orgnic sulfoxy cids in combintion 
with mmoni slts or mides of crboxyhc 
cids in certain proportions impregnted  cellu- 
lose, s described in my copending application 
Seril No. 16,621, ed Mrch 23, 1948, now Pnt 
No. 2,585,516, issued Februry 12, 1952, lso ret- 
ly increase the rte of esterifiction of cellulose, 
mmo thiosulfte is unique in being the only 
sulfoxy cid slt known which is cpble of pro- 
ving this high checl rectivity nd of pro- 
vidg cellulose esters of high derees of poly- 
mertion, i. e., esters hv  D. P. bove 100, 
when used lone  the bsence of n mmonium 
slt or mide of  crboxylic cid. For exemple, 
cotton linters imprend with bout 38% of 
their dry weiht of ure in combintion with 
bout 2% of mmo sulf, mmonium sul- 
, or mmonium thiosulfte re shown in the 
bove-mentioned ppliction to rect rpidly 
with cetic nhydride t elewd tempertures to 
give cellulose tricettes hvin degrees of poly- 
meriztion of the order of 500-600. On the other 
hnd, the sme type of Hnters impregnd with 
40% of mmoni sulf or mmonium suite 
lone rect more slowly, 15 fo 30 minus being 
required, in contrst  only 1 to  minutes re- 
qred for cellulose impregnted with mixtures 
of these sl with ure. No surge, or short period 
of viorous rection, is obseed. The resultin 
cellulose tricettes hve degrees of poleriz- 
tion of 50 or less. Cellulose impregnted with 
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ammonium thiosulfate alone is eserifled with the 
saine surge, or short perïod of vigorous reaction, 
on immersion in boiling acetic anhydride 
characteristic of cellulose impregnated with a 
mixture of ammonium salts of sulfoxy acids and 
ammonium salts or amides of carboxylic acids. 
Partcular emphasis has been placed on the 
descrïption of thïs invention wïth respect fo 
esteriflcation reactions. Thïs bas been donc for 
simplification, since a standard was required ïn 
ortier to determine the relative effectiveness of 
the various concentrations of ammonium thlo- 
sulfate. Simflar comparisons could be gïven for 
other reactions. For example, in addition to 
being useful for the preparation of cellulose 
ters, the impregnated celluloses of this invention 
are also useful for the preparation of cellulose 
acetals by reaction wïth aldehydes such as form- 
aldehyde. The cellulose esters produced from the 
impregnated celluloses of this invention are use- 
fui in the manufacture of films, flbers, coating 
compositions, molding composïtions and the lïke, 
and for partial deacetylation to cellulose esters 
having other solubillty characteristics. 
Any departure from the procedure described 
herein which conforms to the prïnciples of the 
invention is intended tobe included withïn the 
scope of the claires below. 
I claim: 
1. A process for the preparatïon of cellulose 
esters whïch comprises impregnating cellulosic 
materials wïth ai least 15% based on the cellulose 
material of ammonium thiosulfate and esterïfy- 
ing the resultant impregnated cellulose with an 
aliphatic acid anhydride. 
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2. A process in accordance with claim I where- 
in the concentration of ammonium thiosulfate is 
20% fo 40% based on the cellulose. 
3. A process for the preparation of cellulose 
5 esters which comprises esteriïying cellulose im- 
pregnated with at least 15 % based on the cellulose 
material of ammonium thiosulfate with an al- 
iphatic acid anhydride. 
4. A process for the preparation of cellulose 
10 esters which comprises impregnating cellulose 
with at least 15%, based on the cellulose, of am- 
monium thiosulfate and esterifylng the resultant 
impregnaçed cellulose with acetic anhydride. 
5. A process in accordance with claire 4 in 
15 which the amount of ammonium thiosulfate is 
40%. 
6. A process for the preparation of cellulose 
esçers which comprises impregnating cellulose 
with at least 15%, based on the cellulose, of 
2O ammonium thiosulfae and esterifying the result- 
ant impregnated cellulose with propionic an- 
hydride. 
JOHN CUNNIIGHAM THOMAS. 
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